INTRODUCTION
P atients in the intensive care unit (ICU) are critically ill and often require external support such as mechanical ventilation to sustain life. Medications for sedation are routinely administered to control patients' level of consciousness and to reduce the anxiety that patients may experience in this setting. 1 Historically, propofol and benzodiazepines (such as midazolam) have been the medications of choice for sedation in North America. 2 However, the use of such medications has been associated with prolonged ventilation 3 and the development of acute brain dysfunction, such as delirium or coma, 4 which may increase the risk of death. 5 Dexmedetomidine is an ␣ 2 -receptor agonist that was approved for use as a sedative in Canada in 2010. Its mechanism of action is distinct from that of commonly used sedatives such as propofol and benzodiazepines, as it is not mediated by ␥-aminobutyric acid; this makes it less prone to adverse effects such as respiratory depression. 6 Dexmedetomidine is highly selective for the ␣ 2 -adrenergic receptors in the locus ceruleus; it thereby reduces central sympathetic output, which increases inhibition of neurons with ␣ 2 -agonist receptors. The activation of ␣ 2 -adrenergic receptors in the dorsal horn of the spinal cord also modulates the release of substance P and produces analgesic effects. Currently in Canada, dexmedetomidine is indicated for sedation during treatment in an intensive care setting by continuous IV infusion for a maximum duration of 24 h. 7 The drug manufacturer's product monograph specifies that for adult patients, dexmedetomidine is generally initiated with a loading infusion of up to 1 µg/kg over 10 to 20 min, if needed; patients undergoing conversion from therapy with another sedative may not require a loading dose. It is suggested that adult patients will generally require a maintenance infusion of 0.2 to 0.7 µg/kg per hour, with the understanding that the infusion rate should be adjusted 7 to achieve the desired level of sedation. Following IV administration, dexmedetomidine exhibits a rapid distribution phase, with a distribution half-life of about 6 min, a terminal elimination half-life of about 2 h, and a steadystate volume of distribution of about 118 L. Clearance is estimated to be about 39 L/h. 7 As such, further investigation may be warranted to determine whether the dosing used in practice is in accordance with that recommended by the manufacturer and, if any discrepancies do exist, whether they appear to contribute to measurable differences in patient outcomes.
This study was performed at 3 clinical sites located within a single health authority. The study was undertaken to provide insight into the use of dexmedetomidine for sedation in the ICU settings at each of the 3 sites and to compare these uses with usage as recommended in the product monograph. Developing this type of data for this particular drug may be useful for formulary review and consideration or for future medication-use evaluation projects, as the drug was not on the institution's formulary at the time of the study. Because of its nonformulary status, there was an element of unfamiliarity with dexmedetomidine use at the time the study was designed, and it was decided to use a cost-benefit approach to examine how the drug was used and potential ramifications, with comparison to directions for use as presented in the product monograph. The inclusion of 3 sites represented an attempt to increase the amount of data for the analysis (given restricted use of the drug at the time) and to reflect practice within the health authority as a whole, accounting for differences in perspectives and interpretations of recommended guidelines for use and prescribing variability among individual practitioners.
Objectives
The primary objective of this study was to compare the use of dexmedetomidine at 3 sites within the Fraser Health Authority, British Columbia, with the usage directions recommended by the manufacturer. In particular, the following data were collected and reviewed: duration of therapy, use and number of bolus doses, drug infusion rates (specifically initial, lowest, highest, and weighted infusion rates), and total amounts of drug received daily.
The secondary objectives of the study were chosen to characterize the study population, the drug's effectiveness, and the drug's safety profile during the study. In particular, efficacyrelated secondary outcomes were patient characteristics (age, sex, weight); admission diagnosis (medical, surgical, or trauma); prior use of sedatives, including class of drug given, before initiation of dexmedetomidine; time (in hours) on mechanical ventilation for each patient while receiving dexmedetomidine; and percentage of documented sedation scores (according to Richmond Agitation Sedation Scale [RASS] 1 ) within the target range (i.e., between -1 and +1) during dexmedetomidine treatment. Safety-related secondary outcomes were incidence of delirium (documented according to the Intensive Care Delirium Screening Checklist 1 ); incidence of serious adverse events, including (but not limited to) bradycardia (defined as heart rate < 40 beats/min or > 30% decline from baseline heart rate before drug administration); incidence of hypotension (systolic blood pressure < 80 mm Hg or diastolic blood pressure < 50 mm Hg or > 20% decrease from baseline mean arterial pressure before drug administration) during dexmedetomidine therapy; incidence of anaphylaxis or any other serious adverse effects associated with dexmedetomidine treatment and necessitating intervention or discontinuation of therapy; and total cost of dexmedetomidine per patient.
METHODS
This multicentre chart review was approved by the Fraser Health Research Ethics Board. The 3 study sites were Burnaby Hospital, a 295-bed acute care community hospital in Burnaby; the Royal Columbian Hospital, a 390-bed tertiary care trauma centre in New Westminster; and Surrey Memorial Hospital, a tertiary care centre in Surrey that had 499 beds at the time of study completion.
Following receipt of ethics approval, a list of patients who had been treated with dexmedetomidine in the ICU between January 1, 2011, and November 30, 2012, at each of the 3 sites was generated by the Pharmacy Department's computer system. Patient records were scanned by the electronic medical record system to ensure that patients met the following inclusion criteria: adult patients (18 years of age or older) with admission to the ICU at 1 of the 3 specified sites, and receipt of dexmedetomidine for sedation. Data were collected and recorded by the primary author (K.B.) and a research assistant (E.A.).
The nature of the study was one of "quality improvement" for the use of dexmedetomidine in the sedation of patients in the ICU, and patient consent was therefore not required.
For each patient who met the inclusion criteria, the medical chart was reviewed for the duration of dexmedetomidine treatment (to a maximum of 30 days) and for up to 5 days after treatment discontinuation. Data were collected for each patient according to the variables listed in the "Objectives" section (above).
The potential maximum cost of dexmedetomidine was estimated on the basis of patient weight and the recommended maximum dose of 0.7 µg/kg per hour for 24 h. The actual cost of drug used was calculated from the amounts given, accounting for partial vials opened and wastage and based on the cost of dexmedetomidine at the time of the study ($41.67 for a 200-µg vial).
Statistical Analysis
Patient characteristics, prior sedative use, and adverse effect rates were analyzed by descriptive statistics. Dexmedetomidine parameters are expressed as means with standard deviations (SDs). The data are presented by individual site and combined for all 3 sites.
RESULTS
In total, 57 patients were identified as meeting the inclusion criteria over the 23-month study period. Of these, 7 patients received dexmedetomidine at Burnaby Hospital, 32 patients at the Royal Columbian Hospital, and the remaining 18 at Surrey Memorial Hospital. Patient demographic and baseline clinical characteristics are presented in Table 1 .
Primary Outcomes
The duration of therapy deviated from the maximum recommended duration (24 h), with mean duration ranging from 19.7 h at Burnaby Hospital to 43.1 h at Surrey Memorial Hospital (Table 2) ; the mean duration of therapy across the 3 sites was 28.0 h (SD 17.6 h). The frequency of use of a bolus dose varied among sites, but when such doses were given, they followed the manufacturer's recommendation (1 µg/kg over 10-20 min). Other infusion parameters, including minimum rate (0.25 ± 0.11 µg/kg per hour), maximum rate (0.64 ± 0.21 µg/kg per hour), and average weighted infusion rate (0.51 ± 0.16 µg/kg per hour) complied with those recommended for the maintenance of sedation by the product monograph. Other details regarding infusion parameters are presented in Table 2 .
Secondary Outcomes
Results for secondary outcomes, including duration of ventilation, RASS scores within target range, and incidence of adverse effects, are presented here according to efficacy and safety. Data for prior sedative use are presented in Table 1 .
Effectiveness
Before initiation of dexmedetomidine therapy, a baseline RASS score was reported for 54 (95%) of the patients (Figure 1) , and for 42 (78%) of these patients, the RASS score was outside the target range of -1 to +1. Of these 42 patients with RASS score outside the target range before initiation of dexmedetomidine, 31 (74%) patients reached target RASS during dexmedetomidine therapy (Table 3) .
Baseline delirium scores were recorded for 24 patients (42%). Of the 13 patients with a positive delirium score at baseline (Figure 2 ), 6 (46%) had resolution of delirium, as indicated by negative delirium scores, while receiving dexmedetomidine therapy (Table 4) . 
Safety
Bradycardia and hypotension were the only documented adverse effects during the treatment courses. Overall, 13 (23%) of the 57 patients had one or more episodes of bradycardia (Figure 3) , and 31 (54 %) patients had one or more episodes of hypotension (Figure 4 ).
Cost
The actual cost of the drug used amounted to about 25% of the potential maximum cost based on patients' body weight, recommended dosage, and drug cost at the time of the study (Table 5) .
DISCUSSION
This chart review analyzed the use of dexmedetomidine for sedation in adult patients in the ICUs of 3 acute care hospitals in a single health authority.
The dosages and infusion parameters observed fell within the guidelines recommended in the product monograph, but the duration of use varied substantially across the 3 sites. The mean duration of therapy (28.0 h) was longer than that recommended by the manufacturer (24 h), although recent literature has supported the safety of an extended duration of dexmedetomidine use (i.e., beyond 24 h). 6 Similar to previously published reports, [8] [9] [10] there was variation in the duration of dexmedetomidine therapy, both among sites and relative to the manufacturer's recommendation. One plausible explanation may be interprofessional collaboration between physicians and pharmacists in the study hospitals and interactions with practitioners in the United States, where dexmedetomidine therapy is often extended to 5-7 days or longer. 2 It may be reasonable to assume that collaboration and discussion among practitioners is more common at the Royal Columbian Hospital and Surrey Memorial Hospital (because some practitioners work at both of these sites), which might result in greater similarity in dosing and infusion parameters between these 2 sites (with differences relative to Burnaby Hospital).
The data collected provide practical insight into the use of dexmedetomidine in the Lower Mainland of British Columbia, which may be applicable as guidance to direct future dosing as dexmedetomidine becomes more widely used in this health authority.
Consistent with the literature, bradycardia and hypotension were the only documented adverse effects during dexmedetomidine therapy, but details regarding the incidence and duration of adverse events may have been affected by reporting bias or incomplete documentation by clinical staff. However, the incidence of such events observed in this study population seemed consistent with previous reports, in which incidence ranged from 20% to 40% of patients. 8, 9 A cost analysis was completed to compare the estimated cost (based on patient weight, maximum recommended dosing, and drug cost at the time of the study) and the actual cost of dexmedetomidine used. Interestingly, although duration of therapy extended beyond the recommended 24 h, the actual cost of dexmedetomidine used remained substantially below the estimated cost. Previous studies have supported dexmedetomidine as a cost-effective therapeutic alternative for sedation, given its ability to reduce ventilation time, delirium, and other factors contributing to an extended ICU stay. [3] [4] [5] The results of the current study seem to indicate that dexmedetomidine was primarily used in the Fraser Health Authority as per the manufacturer's recommended directions. The data also indicate that this drug may cause adverse effects, such as hypotension and bradycardia, as noted by the manufacturer.
In this study, sites that used more bolus doses and longer durations of therapy seemed to have higher incidence of bradycardia and hypotension. Previous researchers have found correlations between the use of bolus doses and longer duration of therapy and the incidence of bradycardia and hypotension. 10 Further research may be able to determine more details on the relationship between dexmedetomidine dosing and hemodynamic instability. In the current study, no other adverse effects, such as respiratory depression or anaphylaxis, were documented during dexmedetomidine therapy.
Although the data collected seemed to support an improvement in RASS scores (to within the target range) with dexmedetomidine therapy, the documentation of RASS and delirium scores in patients' charts was highly variable. Unfortunately, scoring and documentation of scores depends on charting by the health care team. Fewer than half of the patients had a baseline delirium score recorded in the chart, and more than half had no delirium scores documented while they were receiving dexmedetomidine therapy. Incomplete documentation makes it difficult to draw conclusions about the effect of dexmedetomidine on sedation and delirium scores and is a limitation of this and other retrospective studies.
Given the retrospective nature of this study, it was also difficult to draw conclusions about the effects of dexmedetomidine on patient outcomes such as sedation and delirium levels, as it was not possible to control for other confounders. In particular, it was difficult to determine whether RASS scores had improved because patients' illnesses and acuity levels had improved or whether the effects observed were due to the dexmedetomidine therapy. Further research, in the form of a prospective, randomized controlled trial (RCT), would better control for confounders and have greater ability to show an effect directly related to the dexmedetomidine treatment. Doses higher than those recom- mended by the manufacturer (up to 1.4 µg/kg per hour) have been used safely in RCTs, and the median dose used in one such trial was about 0.9 µg/kg per hour, achieving the target RASS in that study of -3 to 0, with median duration of use of 42 h. 11 Building on the literature and with access to more resources, we hope to show a patient-care benefit from these parameters of dexmedetomidine use in our patient population. We also hope to conduct future studies comparing the use of various sedative agents and to investigate the dosing, efficacy, and safety of dexmedetomidine when used in ways that differ from the manufacturer's directions for use.
All patients who received dexmedetomidine also received one or more prior sedative medications, most commonly midazolam or propofol. As dexmedetomidine was a nonformulary medication at the time of the study, patients had to "fail" or be deemed ineligible for sedation with formulary alternatives before dexmedetomidine could be initiated. The regimen used to discontinue the previous sedative and initiate dexmedetomidine was variable, and some patients were treated with multiple or concomitant sedatives. The variability in dexmedetomidine administration might also have affected certain outcomes, such as time to extubation, duration of therapy, and sedation and delirium scores.
Although all patients who received dexmedetomidine during the defined study period were included in the overall analysis, the number of patients who met the inclusion criteria was limited, perhaps because the drug was a nonformulary medication at the time of the chart review. In addition, comparing patients across the 3 sites might be misleading, as hospital services differ.
The limitations of this study pertain to its retrospective design and the inability to control for confounders, as well as lack of documentation, all of which made it difficult to draw firm conclusions about dexmedetomidine use at the study sites. Although the RASS and delirium scoring tools have been well validated and have acceptable rates of interpractitioner variability, 1 reporting of these scores may vary among nurses, as both scoring systems have subjective components for assessing a patient. These variations might have modestly affected the results, given the small number of reported scores, and attempting to generalize these findings to a larger patient population may be inappropriate. Interestingly, the fact that almost 50% of patients had a low baseline RASS score (between -5 and -2, indicating moderate or deep sedation) may have contributed to the lack of documented delirium scores: for patients with RASS score between -5 and -4, delirium scoring is deferred, according to critical care practice guidelines. 1 We highly recommend more consistent use of delirium scoring systems and documentation of the resulting scores, given that only 24 of the patients across the 3 sites had documentation of delirium scores at baseline. In addition, it is likely that RASS documentation could also be improved, to a minimum of at least one entry per shift.
CONCLUSIONS
This chart review provided details on the use of dexmedetomidine at 3 acute care sites in the same health authority. The infusion parameters complied with the recommended directions in the product monograph. Deviations from recommendations were observed in terms of administration of bolus doses and duration of therapy.
Most patients experienced adequate sedation while receiving dexmedetomidine, with 46% of documented RASS scores being within the target range (-1 to +1). Bradycardia and hypotension were the only documented adverse effects, appearing in about 20% to 50% of patients.
Dexmedetomidine appeared to be an effective and safe therapeutic alternative for the sedation of adult patients at 3 ICU sites within the Fraser Health Authority, based on its evaluated use at Burnaby Hospital, the Royal Columbian Hospital, and Surrey Memorial Hospital.
